The mere fact of its co-existence at this stage with the knot, necessarily occasions some reconsideration of the morphological relationship of the mammalian primitive streak to the process of gastrulation.
[Jan. 15, So far as I have been able to ascertain, nothing whatever is known of the form of the brain or, more strictly, of the cranial cavity in the Archseoceti. Hence no apology is needed for presenting even this imperfect account of two cranial casts representative of this sub-order, which have come into my hands.
Among the Eocene remains found in the Fayfim region of the Egyptian desert by Mr. H. J. L. Beadnell and Dr. Charles W. Andrews, in 1901, there was a broken skull of t from which it was possible to obtain a mould, representing the form of the greater part of the dorsal and lateral aspects of the brain. A plaster cast was made in the British Museum at the instance of Dr. Andrews, who kindly placed it at my disposal for description.
In the following winter (1902), Mr. Beadnell found in the same locality a natural cranial cast of the same size and general form as the artificial cast of Zeuglodon. It is obvious at a glance, if the two specimens be placed side by side, that the natural mould belongs to some member of the Archseoceti, but whether to the same species or even genus as the other specimen must at present remain an open question.
Mr. Beadnell kindly placed this specimen at my disposal.
The size and relative proportions of the different parts are almost identical in the two casts. Nevertheless, there are a considerable number of differences, some features being displayed in one and not in the other, and vice versd. Many of these differences are obviously due to the imperfections of the casts, and especially to the failure of the plaster mould to represent the true form of the brain. But there are several peculiarities of the natural cast-such, for example, as the form of the caudal part of the cerebellum and the shape of the cerebral hemispheres-which are difficult to reconcile with the artificial mould, even if we admit that the inner face of the cranium (from which the latter was made) is damaged or imperfectly cleaned. The differences, nevertheless, are sufficiently pronounced to indicate a generic dis tinction between the two specimens; and in this connection it is interesting to recall a statement made by Dr., Andrews in his first reference to Zeuglodon,as " including apparently Dames' Z. perhaps a second species."* It would, however, be 'very unwise, because it would serve no useful purpose, and possibly lead to error, to found a new genus or even a new species on the evidence of this natural cranial cast, when our source of information concerning the known genus ( . Zeuglodon) is as unsatisfactory as that obtainable the artificial one about to be described. More especially so, when it is remembered that in the case of the only indisputable facts ( ., size and general form) the two casts are agreed. I shall therefore merely describe and attempt to explain the meaning of the form of the two specimens, and leave the question of the specific identity open for future research.
The general appearance of the brain is extraordinarily peculiar (figs. 1 and 2). The shape of the anteiior part of the natural cast ( fig. 1, a and b) closely resembles the cerebrum of a Lizard g magnified. An anterior prismatic stalk (a), representing the pedunculi olfactorii, suddenly expands into a plump, broad, smooth mass ( ), showing the form of the chief part of the cerebrum. The maximum breadth of the two hemispheres ( fig. 1 , is 95 mm.; the greatest length of each (measured in front from the point where the ventral surface of the olfactory peduncles appear to expand into the chief mass of the hemisphere) is 47 mm.; and the maximum depth is 54 mm. Each cerebral hemisphere (exclusive of the olfactory peduncle) is slightly broader than it is long.
The two olfactory peduncles are represented in the natural cast by a single prismatic process. This extends forward for a distance of 37 mm. (measured along the dorsal edge) in front of the point where the expansion to form the hemispheres commences; and as the peduncles are broken across there, it is not possible to estimate their total length or the shape and size of the olfactory bulbs.
The coronal section formed by its anterior (broken) surface gives an isosceles triangle with a base measuring 8*5 mm. and sides of 10 mm. each. It expands as it passes backward, so that at its junc tion with the rest of the hemisphere its sides are each 19 mm. and its base 16 mm. in length.
In the artificial cast ( fig. 2 ) all that represents this extensive It may be that the anterior parts of the skull, from which the artificial cast was made, are so damaged that little reliance can be placed upon the mould as an indication of the exact form of the brain. In fact, if this artificial cast even approximates to the form of the brain, it is quite certain that it did not belong to the same genus as the animal from which the natural cast was derived.
In other words, as we know that the artificial cast belonged to Zeuglodon, the probability is that the natural cast furnishes the first evidence of some hitherto undescribed genus of Archaeoceti.
Behind the part b, which I have just described as the cerebrum, olfactory stalk is an irregular rostrum with two small boss-like projec tions, one above the other (a and a').Th the natural cast have a broad base, from which the sides extend up ward toward the narrow dorsal surface with a gradual slope. In the artificial cast, however, the lateral parts of the hemispheres seem to be expanded into full rounded swellings.
Then, again, the antero-posterior diameter of the hemisphere is much shorter (being about 13 mm. less) than it is in the natural cast, although the breadth of the two specimens is approximately the same.
there is (in the natural cast) a large, irregular mass of a very peculiar shape, not exactly comparable to the condition occurring in any other brain known to me.
Immediately behind the hemispheres there is a great transverse bar (c) measuring 125 mm. in the transverse direction-i.e., extending on each side 15 mm. beyond the lateral margin of the cerebrum ( ).
Each lateral extremity of this mass (c) is expanded to form a large buttress. In the natural cast these buttress-like masses are practically
1903.]
The Brain of the 325 vertical, and of uniform thickness ; whereas in the artificial cast they are obliquely-placed, and expanded ventrally. In the natural cast the mesial continuation of these thick lateral masses (each of which measures 30 mm. antero-posteriorly) becomes reduced to a bridge measuring only 5 or 6 mm. [the exact figure cannot be stated, because a piece of bone ( fig. 1 , e) partially covers this region].
In the deep concavity behind the narrow bridge of the area c (in the natural cast) two rounded, irregular, walnut-like bosses project, one on each side of the middle line ( fig. 1, d) . Each of these is 26 mm. in 2 A 2 diameter, and is placed so obliquely that its surface looks almost directly backward. Shallow but clearly defined furrows separate these two bodies from each other and from the area In the artificial cast there is only a very faintly-marked indication of these bodies ( fig. 2,   d ). At a first glance it might seem that they represent the whole cere bellum, in which case c would be part of the cerebrum ! But careful examination of the natural cast renders such an interpretation highly improbable, and comparison with the artificial cast seems to finally establish the belief that the whole of the region marked c forms part of the cerebellum.
It is extraordinarily difficult to accurately interpret this peculiar form of cerebellum. A comparison with other primitive types of cerebellum* points to the probability that the lateral buttresses of the mass c represent the floccular lobes, and that the walnut-like mass represents the cerebellar lobule which I have called " area C " cit., 1Catalogue,' p. 211). If it be objected that the lateral buttress-like mass is much too extensive to be entirely " floccular," attention may be called to the fact that in the large aquatic Sirenia, which have retained an exceedingly primitive type of brain, the floccular lobes are enormous in comparison with those of other mammals (op. cit., ' Catalogue,' p. 346).
It would perhaps be difficult to find elsewhere in the mammalia a greater contrast than that presented by the smooth, reptilian-like cerebral hemispheres of these casts and the highly complicated, ultra mammalian neopallium of the recent whales, both Odontoceti and Mystacoceti.f And yet, if we inquire into the nature of the factors which have moulded the form and determined the size of the various parts of the brain in Eocene times and at the present, the contrast between the brain of Z e u g l o d o na nd the-modern Cetacea loses m its significance, and becomes much less peculiar, even though it may not be wholly explained.
In most Eocene mammals the cerebral hemispheres were exceedingly diminutive in comparison with those of their modern descendants and successors. Moreover, the bulk of the primitive mammalian hemi sphere was composed of those parts (hippocampus and lobus pyriformis), which are pre-eminently olfactory : in other words, the neo pallium (i.c., that part of the pallium which is neither hippocampus nor pyriform lobe) is especially insignificant. It is a well-known fact that the sense of smell loses much of its importance in mammals of aquatic habits (e.g., O r n i t h o r h y n c h u s , the Sirenia, the Pinnipedia, and especially the Cetacea), and in these animals the olfactory pai ts of the brain dwindle to very small proportions. In the Odontoceti the olfactory bulb and its peduncle actually disappear. The Archseoceti, therefore, are subject to two factors, which will account in some measure for their small cerebrum. For, in addition to the smallness of the brain to which most Eocene mammals are subject, there is their aquatic mode of life. This causes a reduction in size of just those portions of the pallium which form the greater part of the Eocene hemispheres.
In the modern Cetacea the neopallium attains to the greatest absolute size which it ever reaches in any mammal. This fact cannot, however, be considered fatal to the belief in the close affinity of the Archseoceti and the Cetacea, because the extraordinary dissimilarity between the brains in the two sub-orders is such as we know to have been produced by the operation of well-recognised causes in the long lapse of time which separates the dawn of the Tertiary period from the present day. In all mammals which lead a life " in the open" it has become a condition of their survival that the neo pallium must increase in size in each successive generation: failing this, the creature must either adopt a " retired and safe mode of life " or become extinct. Numerous examples might be quoted in support of this hypothesis. But the case of the Sirenia shows us how little we really know of the factors which determine the size of the brain. These creatures began the struggle for existence in Eocene times with relatively large brains, in spite of their aquatic mode of life; and they have been succeeded by generations of descendants whose latest progeny at the present day have a brain-equipment only slightly superior to their earlier Tertiary ancestors ( Catalogue, ' op. cit., p. 344, et seq.) . Even if we admit that the modern Manatees and Dugongs lead an eminently safe and retired life, which is in marked contrast to the venturesome and " open" life of the whales and porpoises, much still remains to be satisfactorily explained.
Perhaps the most striking feature of the brain of Zeuglodon is the extreme disproportion between the size of the enormous cerebellum and the diminutive cerebrum. In this respect the fossil brain presents a most marked contrast to that of all recent mammals, and especially to that of the Cetacea. This relatively great size of the cerebellum is not peculiar to the Archseoceti, but is common to other extinct mammals of large size. In my memoir on the brain in the Edentata* the difficulty presented itself of adequately explaining a similar phenomenon in G l y p t o d o n ; and it must be borne in mind, in attempting to do this, (1) that the obtrusive greatness of the cere bellum presents itself only in large mammals and not in lowlier vertebrates, and (2) that the size of the cerebellum is not proportionate * " The Brain in the Edentata," ' Linnean Society's Trans.,' 2nd series, Zoology, vol. 7, part 7, 1899, p. 381.
The Brain of the 32 to that of the cerebrum. In the case of I four years ago attempted to explain these facts in this manner.
The development of the neopallium in mammals opens up the possibility of the performance of many more complex muscular acts than are possible in the Amphibia or Reptilia: these acts require a co-ordinating mechanism, the size of which will be largely determined by the bulk of the muscular masses, the actions of which are to be harmonised, and the extent of the sensory surfaces which send into the cerebellum streams of controlling impulses. A large cerebellum is being demanded by a large mammalian body, even if the cerebrum is small. I cannot offer any more satisfactory explanation of the magnitude of the cerebellum in Zeuglodon than this.
It is clear from the foregoing that the extraordinarily great contrast in the appearance of the brain of the Archseoceti and that of the Cetacea cannot be urged as a reason against their kinship, when it is remembered that the operation of known factors is quite sufficient to explain the transformation of the one type into the other in the time which has separated the Eocene period from the present.
Having disposed of these negative arguments, we may consider the positive evidence for Cetacean affinity in the brain of Zeuglodon.
The shape of the cerebrum, and especially its relatively great breadth, is peculiar. In fact, this form of hemisphere rarely or never occurs among mammals, other than the Cetacea. I have elsewhere* attempted to explain the shortness of the Cetacean hemispheres by the fact that the abortion of the basal (olfactory) parts of the cerebrum limits their longitudinal extension. This, however, is not the whole explanation, because in many microsmatic Sirenia ( ), and Pinnipedia ( O t a r i a, Phoca) the hemispheres are not esp broad. The disproportionate breadth seems, in fact, to be to some extent a characteristic of the Cetacea ; and, in this respect, Zeuglodon agrees with them.
The peculiar elongation of the olfactory peduncles beyond the anterior extremities of the hemispheres is rarely found in mammals, though it is common enough in Reptiles and the Ichthyopsida. In fact, the exact parallel to the condition found in Zeuglodon occurs among recent mammals only in the Cetacea, t An analogous condition is found in the extinct Lemuroid [described by Forsyth Major (op. cit.)~\ and some Amblyopoda.
It is not without interest to note that the two outstanding features of the cerebral hemispheres of the Archseoceti, even if their value as indices of kinship be slight, both find their nearest parallel in the Cetacea. There are no characters of the brain of the modern Cetacea which can be regarded as certainly distinctive, if we put aside such features as the extreme dwindling of the olfactory apparatus, and the enormous development of the neopallium. Both must be regarded as late acquisitions, not to be expected in an Eocene mammal. Under these circumstances these slight points of positive evidence of the relationship of the Archseoceti and Cetacea must be allowed some value, as reinforcing the testimony of the skeletal parts.
If we seek to institute closer comparisons between the brain of Zeuglodon and of the Odontoceti and Mystacoceti with a view to the determination of its relationships, we are not unnaturally doomed to disappointment. It might, perhaps, be supposed by some anatomists that the absence of an olfactory bulb in the Odontoceti might point to a closer affinity of Zeuglodon to the Mystacoceti, in which a small olfactory apparatus is retained. But there is every indication that the olfactory apparatus of the Odontoceti has become aborted quite recently.
Thus in a specimen of the embryonic brain of the Narwhal ( ), which was given to me some years ago by Professor Howes, the remains of the olfactory bulb ( fig. 3, b. o.) are still quite visible as a small umbili-
The Brain of the cate area in part of the " desert region " of Broca ( fig. 3, a.d.) , wherefore it follows that in the early embryo the olfactory bulb and peduncle develop as in all other mammals. Moreover, in all Odontoceti traces of the pyriform lobe are found even in the ad u lt; and in the brain of Kogia G r e y i the rhinal fissure and the typical (macroscopi only) pyriform lobe are retained in a form as clearly defined as that of any macrosmatic mammal (fig. 4) . Professor Haswell, in describing this brain* emphasises the fact that " the most remarkable feature of The Brain of the Archceoceti.
[Jan. 15, the [basal] region, and perhaps of the whole brain, is the great depth of the ectorhinal fissure, a feature marking off the present form very strongly from Delphinus» (p. 438). Since his illustrations do not properly delineate this interesting conformation, Professor Haswell kindly permitted me to examine his specimen ; and Mr. J. P. Hill has made me an excellent photograph (of its ventral surface), roughly reproduced in the accompanying drawing ( fig. 4) . It shows the com plete and quite-typical rhinal fissure and the characteristic pyriform lobe. In its anterior part the rhinal fissure is fully a centimetre deep. The exact reproduction of these characters of the rhinencephalon in an adult anosmatic Cetacean, and the presence of the olfactory bulb in the foetal Narwhal, show that these toothed Cetaceans were certainly (and probably quite recently) derived from ancestors presenting the normal mammalian type of olfactory apparatus. The absence of the olfactory bulb and peduncle in the Odontoceti cannot, therefore, be considered a just reason for adopting the utterly-improbable suggestion of a nearer affinity of the Archseoceti to the Mystacoceti than to the Odontoceti.
Estimated by the amount of sand which it displaced, the bulk of the natural cast (including that of a considerable quantity of matrix attached to the base of the brain and some small fragments of bone)
is 410 c.c. If the necessary corrections and estimations be made from this gross cubic capacity, the weight of the brain in the Archaeoceti must have been considerably less than 400 grammes, and perhaps nearer 300, as against that of the recent Cetacea, which ranges from 455 grammes in Kogia (Haswell) to 4,700 grammes in Bakenoptera (Guldberg).
The Differential Invariants o f a S u r f ace, etc. 331 " The Differential Invariants of a Surface, and their Geometric Significance." By Professor A. B. The present memoir is devoted to the consideration of the differ ential invariants of a surface; and these are defined as the functions of the fundamental magnitudes of the surface and of quantities con nected with curves upon the surface which remain unchanged in value through all changes of the variables of position on it. They belong to the general class of Lie's differential invariants; and some sections of them were obtained about ten years ago by Professor Zorawski, who, for this purpose, developed a method originally outlined by Lie. Earlier, they had formed the subject of investigations by a number of geometers, among whom Beltrami and Darboux should be mentioned.
Professor Zorawski's method is used in this memoir. In applying it, a considerable simplification proves to be possible ; for it appears that, at a certain stage in the solution of the partial differential equations characteristic of the invariance, the equations which then remain •unsolved can be transformed so that they become the partial differential equations of the system of concomitants of a set of simultaneous binary forms. The known results of the latter theory can then be used to complete the solution.
The memoir consists of two parts. In the first part, the algebraic expressions of the invariants up to a certain order are explicitly •obtained; in the second, their geometric significance is investigated.
An invariant, which involves the fundamental quantities of a surface E, F, G, L, M, N (these determine the surface save as to position and orientation in space) and their' derivatives up to order n, as well as the derivatives of functions <£, 4, °f position on the surface up to order n+ 1, may itself be said to be of invariants up to the second order inclusive are obtained. It appears that, if two functions < /> and ip occur, all the invariants that occur up to the second order can be expressed algebraically in terms of VOL. LXXI.
